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spaced 



A joystick composed of a stator formed by an outer cage forming an 
cubic con^artment containing an inner cube oriented with its wall 



flotor 



other 



from and substantially parallel corresponding wall of the compartment. 
Opposed magnets are position in cooperating relationship on opposed 
walls of the compartment and cube and define a gap therebetween. A 
floater formed by a plurality of flat actuating coils, one positioned 

each gap and each thinner than the width of the gap in which it is 
received. Preferably the ratio of coil thickness to gap width is at 
least 1:3. Preferably an optical position sensor is used to monitor the 
relative position of the flotor and stator and is composed of at least 
one linear light position sensor mounted on one of the stator and 

and a plurality of planar light beams arranged at an angle to each 

on the other of the stator and flotor and directed to the linear light 
position sensor (s) so that the light beams traverse the linear light 
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sensor 



drift 



A self contained sensor apparatus generates a signal that corresponds 

at least two of the three orientational aspects of yaw, pitch and roll 
of a hximan-scale body, relative to an external reference frame. A 

generates first sensor signals that correspond to rotational 
accelerations or rates of the body about certain body axes. The sensor 
may be mounted to the body. Coupled to the sensor is a signal processor 
for generating orientation signals relative to the external reference 
frame that correspond to the angular rate or acceleration signals. The 
first sensor signals are impervious to interference from 
electromagnetic, acoustic, optical and mechanical sources. The sensors 
may be rate sensors. An integrator may integrate the rate signal over 
time. A drift compensator is coupled to the rate sensors and the 
integrator. The drift compensator may include a gravitational tilt 
sensor or a magnetic field sensor or both. A verifier periodically 
measures the orientation of the body by a means different from the 

sensitive rate sensors. The verifier may take into account 
characteristic features of human motion, such as stillness periods. The 
drift compensator may be, in part, a Kalman filter, which may utilize 
statistical data about human head motion. 
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AB An apparatus and method for physically exchanging a £orce with 

a user in a user*local environment. The apparatus includes a user 
connection element and a linkage physically linking the user connection 
element to a reference. The linkage provides at least six independent 
degrees of freedom to the user connection element. The linkage 
has an actuator system which powers at least three degrees of 

freedom of the user connection element, while at least three 
degrees of freedom remain unpowered. The method includes 
providing an apparatus which includes a user connection element and a 
linkage physically linking the user connection element to a reference, 
the linkage providing at least six independent degrees of 

freedom to the user connection element. The linkage of the 

apparatus provided has an actuator system which powers at least three 

of 

the six independent degrees of freedom relative to the 
reference. The method further includes connecting the user connection 
element to a body member of a user and powering at least three of the 
six independent degrees of freedom. 
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13 Drawing Figure (s); 11 Drawing Page(s) 
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An articulated surgical instrument for enhancing the performance of 
minimally invasive surgical procedures is coupled to a positioning 
mechanism for supporting and moving the surgical instrument. The 
positioning mechanism mounts to an operating room table. The instrument 
has a high degree of dexterity, low friction, low inertia and good 
force reflection and the positioning mechanism 

provides a large range of motion to the instrument. The system is 
operated according to a macro-micro actuation scheme which allows for a 
large range of motion of the surgical end effector and also allows for 
sensitive force feedback to a master controller by reducing 
the measured inertia of the slave system. The macro-micro .actuation 



force scaling be >en the instrument and the mast ^controller. 
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A self contained sensor apparatus generates a signal that corresponds 

at least two of the three orientational aspects of yaw, pitch and roll 
of a human-scale body, relative to an external reference frame. A 

generates first sensor signals that correspond to rotational 
accelerations or rates of the body about certain body axes. The sensor 
may be mounted to the body. Coupled to the sensor is a signal processor 
for generating orientation signals relative to the external reference 
frame that correspond to the angular rate or acceleration signals. The 
first sensor signals are impervious to interference from 
electromagnetic, acoustic, optical and mechanical sources. The sensors 
may be rate sensors. An integrator may integrate the rate signal over 
time, A drift compensator is coupled to the rate sensors and the 
integrator. The drift cort^ensator may include a gravitational tilt 
sensor or a magnetic field sensor or both. A verifier periodically 
measures the orientation of the body by a means different from the 

sensitive rate sensors. The verifier may take into account 
characteristic features of human motion, such as stillness periods. The 
drift compensator may be, in part, a Kalman filter, which may utilize 
statistical data about human head motion. 
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in large, immersive environments is provided by 
gyro- stabilization to generate a fixed point of 
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AB Force feedback 

device which a 
leverage 

for the requisite forces and/or torques. In one embodiment, 

one or more orthogonally oriented rotating gyroscopes are used to 

provide a stable platform to which a force- reflecting 

device can be mounted, thereby coupling reaction forces to a 

user without the need for connection to a fixed frame. In one physical 

realization, a rigid handle or joystick is directly connected to the 

three-axis stabilized platform and using an inventive control scheme to 

modulate motor torques so that only the desired forces are 

felt. In an alternative embodiment, a reaction sphere is used to 

produce 

the requisite inertial stabilization. Since the sphere is capable of 
providing controlled torques about three arbitrary, linearly 
independent 

axes, it can be used in place of three reaction wheels to provide 
three-axis stabilization for a variety of space-based and terrestrial 
applications . 
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sensor 



A self contained sensor apparatus generates a signal that corresponds 

at least two of the three orientational aspects of yaw, pitch and roll 
of a human-scale body, relative to an external reference frame. A 

generates first sensor signals that correspond to rotational 
accelerations or rates of the body about certain body axes. The sensor 
may be mounted to the body. Coupled to the sensor is a signal processor 
for generating orientation signals relative to the external reference 
frame that correspond to the angular rate or acceleration signals. The 
first sensor signals are impervious to interference from 
electromagnetic, acoustic, optical and. mechanical sources. The sensors 



time. A drift Vpensator is coupled to the rat' Censors and the 
integrator. Th^drift compensator may include a^^-avitational tilt 
sensor or a m^^tic field sensor or both. A v^Kier periodically 
measures the olRntation of the body by a mean^Rf f erent from the 

drift 

sensitive rate sensors. The verifier may take into account 
characteristic features of human motion, such as stillness periods. The 
drift compensator may be, in part, a Kalman filter, which may utilize 
statistical data about human head motion. 
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17 Drawing Figure (s) 
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A connection element such as a thimble connects to a user's body member 
and, through a linkage, to a ground reference. The apparatus physically 
exchanges a force with a user in an environment local to the 
user. The linkage powers at least three independent freedoms 
of the connection element relative to the reference. It also maintains 
at least one independent freedom of the connection element 
relative to the reference free of power. Up to three independent 
freedoms of the connection element may be maintained free of 

power, and up to five independent freedoms may be powered. A 
gimbal connects the gimbal to the linkage. Zero, one 

or two of the gimbal axes may be powered. A five bar linkage 
connects the connection element to a counter-balance that also includes 
two actuators. A third actuator connects the five bar linkage to the 
reference. The two actuators of the counterbalance may be connected to 
the next link in the chain to the reference through a single cable. 
Signal processing equipment powers the actuators to deliver a signal at 
the connection element that represents a virtual situation generated by 
a programmed computer, or physical conditions in a remote environment. 

virtual switch presents to the user the force and displacement 
relationship of a spring switch. A virtual bristled brush presents the 
force and displacement relationship of such a brush, while also 
* changing the virtual environment to reflect the user's changes 
in location. 
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AB A connection element such as a 

member, 

through a linkage, to a ground reference. The apparatus physically 

exchanges a force with a user in an environment local to the 

user. The linkage powers at least three independent freedoms 

of the connection element relative to the reference. It also maintains 

at least one independent freedom of the connection element 

relative to the reference free of power. Up to three independent 

freedoms of the connection element may be maintained free of 
power, and up to five independent freedoms may be powered. A 

gimbal connects the gimbal to the linkage. Zero, one 

or two of the gimbal axes may be powered. A five bar linkage 
connects the connection element to a counter-balance that also includes 
two actuators. A third actuator connects the five bar linkage to the 
reference. The two actuators of the counterbalance may be connected to 
the next link in the chain to the reference through a single cable. 
Signal processing equipment powers the actuators to deliver a signal at 
the connection element that represents a virtual situation generated by 
a programmed computer, or physical conditions in a remote environment. 

A 

virtual switch presents to the user the force and displacement 
relationship of a spring switch. A virtual bristled brush presents the 
force and displacement relationship of such a brush, while also 
changing the virtual environment to reflect the user's changes 
in location. 



